Introduction
============

Hypocalcemia is the most common complication of thyroidectomy. The incidence of transient hypocalcemia ranges from 10% to 50%,[@b1-tcrm-13-635],[@b2-tcrm-13-635] and permanent hypocalcemia usually occurs in 0%--2% of patients according to different definitions.[@b3-tcrm-13-635],[@b4-tcrm-13-635] It is known that not all patients with hypocalcemia will have associated symptoms such as numbness and spasm. Some surgeons advocated prolonged stays that are not cost-effective nowadays. Meanwhile, when most of the surgeons discharge patients within 24 hours, more emergency room visits or emergency calcium intravenous infusions would also occur.[@b5-tcrm-13-635] With the increasing preference for shorter stays,[@b6-tcrm-13-635]--[@b8-tcrm-13-635] identifying patients at high risk is essential for their timely and safe discharge.

In recent years, multiple retrospective studies have approved that the absolute value of postoperative serum parathyroid hormone (PTH) is an accurate predictor of hypocalcemia in postoperative patients. However, we found that the absolute cutoff value is variant.[@b2-tcrm-13-635],[@b9-tcrm-13-635],[@b10-tcrm-13-635] Moreover, as we know, parathyroid insufficiency is the main contributor to hypocalcemia. Consequently, relative change of periopera-tive PTH is hypothesized as a more reasonable predictor.

To our limited knowledge, no study has been conducted in China considering the relationship between the relative change of PTH and postoperative management. More important is the lack of a standard protocol for the postoperative management after thyroidectomy. Calcium and calcitriol supplement plan is mostly determined by surgeons' varied experience. Additionally, relatively longer stays -- postoperative 4--5 days -- are a common issue in China compared with other hospitals abroad. Hence, we anticipate that the results of this study would contribute to the management of post-thyroidectomy patients for future retrospective and prospective studies.

Methods
=======

Patients who underwent thyroidectomy between 2013 and 2015 were identified retrospectively in the prospective clinical database of West China Hospital. Patients were excluded from the final analysis if they 1) had hyperparathyroidism, 2) had chronic kidney disease (CKD), 3) had parathyroid adenoma or carcinoma, 4) took preoperative osteoporotic medications or prophylactic vitamin D and calcium supplementation, 5) underwent lobectomy and 6) had intensive care unit (ICU) history after surgery.

Demographics (sex, age, etc.), history and laboratory data (PTH1, calcium, etc.) were recorded before surgery. Tumor staging was done according to the standard of the Union for International Cancer Control (UICC), sixth edition.

Thyroidectomy and postoperative management were performed by the same thyroid surgical team. In terms of benign disease, such as large goiter, hyperthyroidism, near total thyroidectomy (NTT) or lobectomy was the main choice. NTT refers to the removal of all of thyroid except \<1 g of thyroid tissue at the entry into the larynx. With regard to malignant entity, total thyroidectomy (TT) and ipsilateral central nodal dissection (CND) were the main choices. Contralateral CND was performed mainly depending on the intraoperative findings and frozen section of pretracheal lymph node.[@b11-tcrm-13-635]

Routine 2-day calcium supplement, 2 and 4 g calcium infused intravenously on the surgery day and on postoperative day 1 (POD1), respectively, was adopted to every postoperative patient. Meanwhile, patients were prescribed with calcium carbonate 600 mg t.i.d. or q.i.d. on POD1. POD1 PTH and calcium were tested and recorded in the next morning after surgery. Extra calcitriol 0.25 μg q.d. or b.i.d. was added into the therapeutic plan on a case-by-case basis. Postoperative patients were monitored cautiously, and hypocalcemic symptoms such as numbness, facial paresthesia, positive Chvostek's signs and muscular spasm were recorded as soon as they occurred. Usually, the patients were discharged on the third day after surgery. After that, patients were followed up at the outpatient department 1 month later after discharge and then 3 months thereafter focusing on the levels of PTH and calcium and hypocalcemic symptoms.

Relative change of PTH was calculated in all patients according to the formula: \[(PTH1 − POD1 PTH)/PTH1\] ×100%. Reference range for the normal value of PTH is 1.6--6.9 pmol/L, and that for calcium is 2.1--2.7 mmol/L.

Data analysis was performed using SPSS version 19 (SPSS Inc, Chicago, IL, USA). If normally distributed, continuous variables were presented as mean ± standard deviation and compared using Student's *t*-test, and paired *t*-test was also used when needed; if not, variables were presented as median (range) and compared using Mann--Whitney *U*-test. Pearson's chi-square test or Fisher's exact test was used to compare the frequency (percentage) of categorical variables. Receiver operating characteristic (ROC) curve was used to identify the cutoff value and binary logistic regression for risk factor identification. The *P*-value \<0.05 indicated significant difference.

This study was approved by the ethics committee of West China Hospital, Sichuan University, and was conducted in accordance with the relative guidelines. Written informed consent was obtained from all subjects to use the clinical data in the clinical research.

Results
=======

A total of 806 patients had undergone thyroidectomy between 2013 and 2015. According to the exclusion criteria, 62 patients were excluded from the final analysis (secondary hyperparathyroidism and CKD 13, preoperative calcium or calcitriol supplement 4, parathyroid carcinoma 1, lobec-tomy 40, ICU history 4). As a result, 744 patients participated in the final analysis, with a mean age of 42.3±11.7 years and a female:male ratio of 538:206. In the light of pathological results, 650 patients had papillary thyroid carcinoma (PTC). Both medullary thyroid carcinoma (MTC) and follicular thyroid carcinoma (FTC) were diagnosed in 8 patients. Thyroid adenoma, hyperthyroidism and thyroiditis were diagnosed in 22, 30 and 96 patients, respectively. Besides, 610 patients underwent TT or completion thyroidectomy and 44 underwent NTT. Auto-transplantation of parathyroid (ATP) and CND were performed in 406 and 656 patients, respectively ([Table 1](#t1-tcrm-13-635){ref-type="table"}).

After surgery, patients were monitored intensively. Obvious symptomatic hypocalcemia (SxH), in particular, numbness and toe spasm, occurred in 86 (11.6%) patients; only few patients showed positive Chvostek's signs. Analysis of the relationship between SxH and decreasing percent of PTH was conducted using quintiles of existing data (eg, \[0, 0.2\], \[0.2, 0.4\], \[0.4, 0.6\], \[0.6, 0.8\], \[0.8, 1.0\]). This grouping method had a significant discriminative effect (*P*\<0.001). The incidence of SxH was 2.13%, 3.33%, 8.33%, 8.42% and 32.4% in sequence ([Figure 1](#f1-tcrm-13-635){ref-type="fig"}).

The decreasing percent of PTH impressively had an influence on the incidence of SxH in a continuous manner. Therefore, a cutoff value of decreasing percent should be extracted to guide clinical practice better.

The ROC curve was adopted to identify the cutoff value, which is shown in [Figure 2](#f2-tcrm-13-635){ref-type="fig"}. SxH was set as a state variable, and area under the curve (AUC) was 0.754, which was higher than 0.711 of POD1 PTH. Decreasing percent reached its maximal discriminative effect at 70.3% (sensitivity 72.1%, specificity 75%) and was selected as the cutoff value to predict SxH.

As a result, 744 patients were divided into 2 groups on the basis of decreasing percent 70% -- Group 1 (≤70%) and Group 2 (\>70%). A total of 514 patients were in Group 1, with a mean age of 42.6±11.97 years, whereas 230 patients were in Group 2, with a mean age of 42.28±11.22 years. Distribution of the disease and detailed extent of surgery are shown in [Table 2](#t2-tcrm-13-635){ref-type="table"}. Binary logistic regression analysis showed that the decreasing percent of PTH was an independent risk factor for postoperative SxH (hazard ratio \[HR\]: 57.6, 95% confidence interval \[95% CI\]: \[15.8, 210.3\], *P*\<0.001) ([Table 3](#t3-tcrm-13-635){ref-type="table"}).

In Group 1, symptoms of 24 (4.67%) patients were interpreted as SxH, especially toe and finger numbness. On the other hand, 62 (27.0%) patients had suffered SxH in Group 2 (*P*\<0.001). Nearly all patients in both the groups had SxH on POD1, which was not significantly different (*P*=0.452) ([Table 4](#t4-tcrm-13-635){ref-type="table"}). Only 2 patients in Group 1 had SxH on the fourth postoperative day and relieved on the current day. However, median day of symptom relief was 1 (1, 2) in Group 1, which was significantly shorter than that in Group 2--2 (1, 10), *P*=0.023. On the other hand, patients with PTH relative decreasing percent \>70% needed longer hospitalization. Moreover, absolutely most of the patients in Group 1 could be discharged on POD1.

A total of 138 patients were prescribed with calcitriol and 120 (87%) in Group 2. While analyzing the absolute value of POD1 PTH in Group 2, a significant difference was found between patients treated with and without calcitriol (0.63±0.33 vs 1.41±0.62, *P*\<0.001). The absolute value of POD1 PTH seemed to guide the usage of calcitriol. Naturally, a better guiding value should be extracted. POD1 PTH reached its maximal effect at 1 pmol/L (AUC 0.885) with a sensitivity of 74.5% and a specificity of 95%.

Subcomparison was conducted. A total of 140 patients had POD1 PTH \<1 pmol/L, of whom 112 (80%) patients were treated with calcitriol, and of 90 patients who had POD1 PTH ≥1 pmol/L, only 8 (8.89%) were treated with calcitriol (*P*\<0.001). Meanwhile, the first occurrence of SxH or relief duration did not show significant difference between patients with POD1 PTH \>1 and those with \<1 pmol/L (*P*=0.237 and 0.177, respectively). In patients with POD1 PTH ≥1 pmol/L, 10 SxH patients relieved after 1-month follow-up. And likely, in 52 patients appeared SxH after surgery, only 4 of them still suffered persistent SxH. Paired *t*-test showed that PTH had a significant increase in all patients, with or without extra calcitriol supplement (both *P*\<0.001) ([Table 5](#t5-tcrm-13-635){ref-type="table"}). Thus, intensive observation other than calcium supplement was the main choice in terms of patients with POD1 PTH ≥1 pmol/L in Group 2, whereas extra calcitriol supplement was the primary consideration ([Figure 3](#f3-tcrm-13-635){ref-type="fig"}).

Discussion
==========

In this study, a systematic protocol of identifying high risk of hypocalcemia in patients who underwent thyroidectomy and effective treatment plan for SxH was summarized based on the relative change of PTH with absolute value of POD1 PTH. This protocol could shorten hospital stays and avoid unsafe discharge as much as possible.

On the basis of our findings in the retrospective study, routine 2-day intravenous infusion of calcium with or without oral supplement on POD1 plus extra supplement of calcitriol according to the relative decreasing percent and absolute value of POD1 PTH was an effective protocol, which meanwhile could identify patients needing longer hospitalization. Decreasing percent of PTH, POD1 PTH that was obtained in the morning after surgery compared with preoperative PTH, had an impressive discriminative effect between high-and low-risk SxH. When the decreasing percent is ≤70%, only \<5% of patients were interpreted as having SxH, and nearly all SxH patients appeared and relieved on POD1, which ensures safe discharge on POD1. On the contrary, it is significantly different that 27% of patients suffered SxH when the decreasing percent is \>70% (*P*\<0.001). Moreover, relief days was significantly longer than in patients with deceasing percent ≤70% (*P*=0.023). On the other hand, when PTH decreased \>70% relatively, patients needed longer stays.

Another issue was the timing of postoperative measurement of PTH. Some studies advocated 4 hours after surgery or even later, while others suggested 1 hour or before.[@b9-tcrm-13-635],[@b10-tcrm-13-635],[@b12-tcrm-13-635],[@b13-tcrm-13-635] In the review of Grodski and Serpell,[@b14-tcrm-13-635] it was concluded that PTH measurement varies from 10 minutes postoperatively to several hours, which would provide equally accurate results. Lee et al[@b15-tcrm-13-635] concluded in a meta-analysis that intraoperative PTH has no significant advantage over early postoperative PTH when used as a clinical guide for discharge after thyroidectomy. In our study, PTH, measured in the next morning after surgery, presented an excellent predicting and discriminative ability. In patients of PTH decreasing percent \>70%, POD1 PTH 1 pmol/L (sensitivity 74.5% and specificity 95%) could identify accurately patients who need calcitriol supplement other than calcium supplement and longer stays.

Puzziello et al[@b16-tcrm-13-635] stated that \>62% decreasing percent of PTH in 2 hours after surgery, though normocalcemia in POD1, suggested a longer hospitalization and additional therapy after discharge, however, \<62% did not. Chapman et al[@b17-tcrm-13-635] reported that patients with a \>44% PTH decrease from preoperative to 6 hours postoperative are more likely to develop hypocalcemia. Our study showed that \>70% decrease of PTH on POD1 could accurately predict the incidence of SxH. Rather than simply focusing on the calcium levels, we paid more attention to symptoms associated with hypocalcemia. Regarding hypocalcemic symptoms, both Lecerf and Schlottmann et al[@b18-tcrm-13-635] concluded that patients with \<80% drop in PTH levels can be safely discharged on the day of the surgery.[@b19-tcrm-13-635] Despite various setting points, a consensus that relative decrease of PTH, not the absolute value, does have a determined influence on the outcome after surgery was reached.

In terms of retrospective study, limitations are inevitable. First, it is a retrospective study from one institution, and hence selection bias is inevitable. Moreover, recording of symptoms may be missed on occasion. Besides, the number of patients in some parts was still relatively insufficient. In addition, the follow-up information was not complete, and whether discharged asymptomatic patients visited emergency room was unknown. This may lead to some bias. Furthermore, postoperative calcium supplement would affect the calcium level. However, the trend is much clear that PTH dramatic change (\>70% in our study and \>80% in other studies) may lead to SxH.[@b18-tcrm-13-635],[@b19-tcrm-13-635] Because of calcium supplement, the cutoff value in our study is less than that in other studies. In addition, in China and other areas, very few surgeons would supply calcium to patients after thyroidectomy. Hence, we can provide training to surgeons to stratify the risk of SxH after surgery. Meanwhile, we have conducted a randomized controlled trial (RCT) of calcium supplement to confirm the efficiency and safety of postoperative management without intravenous calcium supplement. We believe that we can find evidence about it. Moreover, discharging patients within 24 hours is the main choice for surgeons abroad; however, 3--5 postoperative stays are adopted in most of the Chinese hospitals.

Despite the limitations in our studies, we still have confidence in our protocol about postoperative management. On the basis of our protocol, shorter hospital stays are the first step to standardize postoperative management. Meanwhile, the rational usage of calcitriol is also considered in our study. A prospective research based on this retrospective study has to be conducted to guide the use of supplement and the dose of calcium.

Conclusion
==========

Routine 2-day intravenous and oral calcium supplement is a basic therapeutic plan for post-thyroidectomy patients. When the relative decreasing percent is ≤70%, patients could be discharged on the first postoperative day, and when the relative decreasing percent is \>70%, longer hospitalization is needed other than calcium supplement. In addition, when POD1 PTH \<1 pmol/L, extra calcitriol could relieve hypocalcemic symptoms and recover parathyroid function.
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![Incidence of SxH increases with relative decreasing percent of PTH.\
**Abbreviations:** PTH, parathyroid hormone; SxH, symptomatic hypocalcemia.](tcrm-13-635Fig1){#f1-tcrm-13-635}

![AUC in relative decreasing percent was 0.754 and on POD1 was 0.711.\
**Abbreviations:** AUC, area under the curve; POD1, postoperative day 1; PTH, parathyroid hormone.](tcrm-13-635Fig2){#f2-tcrm-13-635}

![Flowchart of postoperative management.\
**Abbreviations:** POD, postoperative day; i.v., intravenous; PTH, parathyroid hormone.](tcrm-13-635Fig3){#f3-tcrm-13-635}

###### 

Basic characteristics of patients

  ------------------------- ------------ --------------------------- -----------
  Age, years                42.3±11.73   Thyroiditis                 96
  Sex (female/male)         538/206      ATP                         406
  PTC                       650          TT                          604
   T1                       308          NTT                         44
   T2                       30           Completion thyroidectomy    6
   T3                       270          CND                         656
   T4                       40            Bilateral                  386
   Tx                       2             Left                       138
  NG                        296           Right                      132
  MTC                       8            LND                         98
  FTC                       8            TT + BCND                   378
  Thyroid adenoma           22           TT + UCND                   204
  Hyperthyroidism           96           TT + CND + ATP              348
  Preoperative calcium      2.45±0.11    Preoperative PTH            5.5±2.1
  Postoperative calcium     2.2±0.17     Postoperative PTH           2.5±1.6
  Decreasing range of PTH   3.04±2.16    Decreasing percent of PTH   0.52±0.30
  ------------------------- ------------ --------------------------- -----------

**Note:** Data are presented as mean ± standard deviation and n throughout.

**Abbreviations:** PTC, papillary thyroid carcinoma; NG, nodular goiter; MTC, medullary thyroid carcinoma; FTC, follicular thyroid carcinoma; PTH, parathyroid hormone; ATP, auto-transplantation of parathyroid; TT, total thyroidectomy; NTT, near total thyroidectomy; CND, central nodal dissection; LND, lateral neck dissection; BCND, bilateral central nodal dissection; UCND, unilateral central nodal dissection.

###### 

Comparison between the 2 groups

  Variables                  Group 1 (≤70%), 514 patients   Group 2 (\>70%), 230 patients   *P*-value
  -------------------------- ------------------------------ ------------------------------- -----------
  Age, years                 42.6±11.97                     42.28±11.22                     0.825
  Sex (female/male)          346/168                        192/38                          0.001
  PTC                        440                            210                             0.176
   T1--T2                    228                            110                             0.574
   T3--T4                    210                            100                             0.650
  NG                         216                            96                              1
  MTC                        2                              6                               0.09
  FTC                        6                              2                               1
  Thyroid adenoma            20                             2                               0.184
  Hyperthyroidism            24                             6                               0.569
  Thyroiditis                64                             32                              0.739
  Preoperative PTH           5.31±1.94                      5.90±2.32                       0.018
  Postoperative PTH          3.10±1.4                       1.00±0.62                       \<0.001
  Preoperative calcium       2.44±0.09                      2.45±0.10                       0.234
  Postoperative calcium      2.19±0.12                      2.10±0.23                       0.001
  Decreasing range of PTH    2.21±1.67                      4.89±1.96                       \<0.001
  ATP                        242                            164                             \<0.001
  TT                         390                            214                             \<0.001
  NTT                        34                             10                              0.245
  Completion thyroidectomy   2                              4                               0.227
  CND                                                                                       
   Bilateral                 252                            134                             0.116
   Unilateral (left/right)   190                            80                              0.727
  LND                        62                             36                              0.407
  TT + BCND                  250                            128                             0.219
  TT + UCND (R/L)            128                            76                              0.131
  TT + CND + ATP             200                            148                             \<0.001

**Note:** Data are presented as mean ± standard deviation or n throughout.

**Abbreviations:** PTC, papillary thyroid carcinoma; NG, nodular goiter; MTC, medullary thyroid carcinoma; FTC, follicular thyroid carcinoma; PTH, parathyroid hormone; ATP, auto-transplantation of parathyroid; TT, total thyroidectomy; NTT, near total thyroidectomy; CND, central nodal dissection; LND, lateral neck dissection; BCND, bilateral central nodal dissection; UCND, unilateral central nodal dissection; T, T stage.

###### 

Multivariate analysis of SxH in post-thyroidectomy patients

  Variables                   HR       95% CI            *P*-value
  --------------------------- -------- ----------------- -----------
  Sex                         1.199    0.647--2.221      0.565
  Postoperative calcium       0.405    0.121--1.352      0.142
  Preoperative PTH            0.996    0.807--1.231      0.972
  Postoperative PTH           0.794    0.405--1.559      0.504
  TT + CND + ATP              0.382    0.120--1.218      0.104
  ATP                         2.337    0.761--7.169      0.138
  TT                          1.582    0.539--4.642      0.403
  Decreasing percent of PTH   57.579   15.763--210.321   \<0.001
  Constant                    0.084                      0.108

**Abbreviations:** HR, hazard ratio; CI, confidence interval; PTH, parathyroid hormone; TT, total thyroidectomy; CND, central nodal dissection; ATP, auto-transplantation of parathyroid; SxH, symptomatic hypocalcemia.

###### 

SxH comparison between the 2 groups

  Variables                 Group 1 (≤70%), 514 patients   Group 2 (\>70%), 230 patients   *P*-value
  ------------------------- ------------------------------ ------------------------------- -----------
  Number of patients        24 (4.67%)                     62 (27.0%)                      \<0.001
  First occurrence of SxH   1 (1, 4)                       1 (1, 5)                        0.452
  Relief days               1 (1, 2)                       2 (1, 10)                       0.023

**Abbreviation:** SxH, symptomatic hypocalcemia.

###### 

Subcomparison in patients with decreasing percent \>70%

                                       PTH ≥1 pmol/L (90 patients)   PTH \<1 pmol/L (140 patients)   *P*-value
  ------------------------------------ ----------------------------- ------------------------------- -----------------
  Calcitriol                           8 (8.89%)                     112 (80%)                       \<0.001
  SxH                                  10                            52                              0.002
  SxH in follow-up                     0                             4                               0.519
  First occurrence of SxH              1 (1, 3)                      2 (1, 5)                        0.237
  Relief days                          1 (1, 3)                      2 (1, 10)                       0.177
  Postoperative PTH/PTH in follow-up   1.66±0.48/4.41±1.60           0.58±0.17/2.30±1.16             \<0.001/\<0.001

**Note:** Variables are presented as median (range).

**Abbreviations:** PTH, parathyroid hormone; SxH, symptomatic hypocalcemia.
